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(54) Automatic brake control system 



(57) An automatic brake control system (31 ) of a ve- 
hicle for automatically applying a brake when said vehi- 
cle comes near to an obstacle ahead comprises an own 
vehicle speed detecting means (8,17) for detecting a 
speed of the vehicle, a distance detecting means 
(13,15,16) for detecting a distance between the own ve- 
hicle and the obstacle, an obstacle speed calculating 
means (1 6) for calculating a speed of the obstacle based 
on the speed of the vehicle and the distance between 
the vehicle and the obstacle, a deceleration establishing 
means (25) for establishing a deceleration (a2) based 



on said vehble speed, said obstacle speed and said dis- 
tance, a target deceleration establishing means (22) for 
establishing a target deceleration at a predetermined 
deceleration (a^) when the distance is smaller than a 
threshold distance {L,jnt) and at said deceleration (02) 
established by said deceleration establishing means 
(25) when the distance is larger than the threshold dis- 
tance (L|n,t) and a brake drive controlling means (26, 27, 
28) for performing a deceleration control so as to gen- 
erate a brake fluid pressure corresponding to the target 
deceleration In a brake drive apparatus. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001] The present Invention relates to an automatic 
brake control system for a vehicle in which brake Is au- 
tomatically applied when the vehicle comes close to an 
obstacle or a vehicle running ahead. 

2. Prior arts 

[0002] In recent years, systems for avoiding a colli- 
sion with an obstacle or a preceding vehicle presenting 
ahead of a vehicle have been developed. Such systems, 
for example an automatic brake control system includes 
an Intervehlcle distance detecting apparatus for detect- 
ing a distance between the vehicle and the preceding 
vehicle based on Images taken by cameras, signals 
from a laser-beam radar or the like and an automatic 
brake apparatus for applying brake to the vehicle when 
the Intervehlcle distance becomes smaller than a 
threshold distance. 

[0003] In most cases, such athreshold distance Iscal- 
culated based on parameters such as a vehicle speed 
of an own vehicle, a vehicle speed of a preceding vehi- 
cle, an assumed deceleration of the own vehicle, an as- 
sumed deceleration of the preceding vehicle and the 
like. For example, Japanese Patent Application Laid- 
open No. Toku-Kai-Hei 6-1441 69 discloses a technique 
in which the threshold distance is calculated from a road 
friction coefficient, a measured Intervehlcle distance, 
vehicle speeds, a maximum deceleration to be pro- 
duced with the road friction coeff k^tent and a time-versus 
differential value of the Intervehlcle distance. 
[0004] Further, in most cases, such a target deceler- 
ation Is calculated based on parameters such as a ve- 
hicle speed of the own vehicle, a vehicle speed of the 
preceding vehicle and an Intervehk^le distance actually 
detected. 

[0005] However, generally a vehicle speed sensor for 
detecting the vehicle speed of the own vehicle, particu- 
larly a vehicle speed sensor In which a vehicle speed Is 
calculated from a wheel speed, has a defect that an ex- 
tremely low speed, i.e., 2 to 3 km/hour, is difficult to be 
detected accurately. As a result, a traveling speed of an 
obstacle (in this case, preceding vehicle) is unable to be 
calculated accurately, because it is calculated based on 
the speed of the own vehicle and the intervehlcle dis- 
tance. 

[0006] Therefore, when the vehicle travels at ex- 
tremely low speeds. If the threshold distance and the 
target deceleration are calculated based on the own ve- 
hicle speed and the preceding vehicle speed, there Is a 
fear that those threshold distance and target decelera- 
tion can not be established accurately and as a result 
the automatic brake control system does not operate 
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properly 

[0007] Further, under the condition that the vehicle is 
very close to the preceding vehicle, an en^or in the inter- 
vehicle distance detected by the distance sensor can 
not be neglected. Especially when the vehicle is in the 
state of almost stopping, the target deceleration produc- 
es a large error and as a result, for example, when it is 
established to an unduly low value, such failures as the 
braking force is released immediately before stopping 
may occur. 

SUMMARY OF THE INVENTION 

[0008] With this problem of the prior art in mind, it Is 
an object of the present Invention to provide a reliable 
automatic brake control system capable of surely stop- 
ping the vehicle before an obstacle, even when the own 
vehicle travels at very low speeds. To attain the object, 
according to the present Invention, the automatic brake 
control system comprises an own vehicle speed detect- 
ing means for detecting a speed of an own vehicle, a 
distance detecting means for detecting a distance be- 
tween the own vehicle and an obstacle, an obstacle 
speed calculating means for cak:ulating a speed of the 
obstacle based on the own vehicle speed and the dis- 
tance between the own vehicle and the obstacle, a stop 
control judging means for making a comparison of the 
distance between the own vehicle and the obstacle with 
a threshold distance, a target deceleration establishing 
means based on the comparison for establishing a tar- 
get deceleration to a first deceleration when the distance 
Is smaller than the threshold distance and to a second 
deceleration when the distance is larger than the thresh- 
old distance, and a brake drive controlling means for 
perfomrilng a deceleration control so as to generate a 
brake fluid pressure corresponding to the target decel- 
eration in a brake drive apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 

Fig. 1 is a functional block diagram of an automatic 
brake control system according to a first embodi- 
ment of the present invention; 
Fig. 2 is a skeleton diagram of an automatic brake 
control system mounted on a vehicle according to 
a first embodiment of the present Invention; 
Fig, 3 is a flowchart of a brake control according to 
a first embodiment of the present invention; 
Fig. 4 is a functional block diagram of an automatic 
brake control system according to a second embod- 
iment of the present invention; 
Fig. 5 Is a skeleton diagram of an automatic brake 
control system mounted on a vehicle according to 
a second embodiment of the present invention; and 
Fig. 6 is a flowchart of a brake control according to 
a second embodiment of the present Invention. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0010] Referring now to Fig. 2, reference nunneral 1 
denotes a brake drive section to which a master cylinder 
3 are connected. The master cylinder 3 is interconnect- 
ed with a brake pedal 2 which is operative by a vehicle 
driver. When the vehicle driver depresses the brake 
pedal 2, brake pressure is supplied from the master cyl- 
inders to each of wheel cylinders, 5f| for a left front wheel 
4fi, 5^ for a right front wheel 4^^. 5^ for a left rear wheel 
4^, 5„ for a right rear wheel 4„ through the brake drive 
section 1 to apply brakes to four wheels, 
[0011 J The brake drive section 1 is of a hydraulic unit 
comprising a pressure source, pressure reducing 
valves, pressure increasing valves for feeding a brake 
pressure independently to the respective wheel cylin- 
ders, 5f|, 5fr, Sf, and 5„, according to input signals. 
[0012] In the vicinity of the brake pedal 2, there is pro- 
vided with a brake switch 6 which is tumed on or off at 
a specified depression amount of the brake pedal 2. Fur- 
ther, the master cylinder 3 is provided with a pressure 
sensor 7 for detecting a brake pressure of the master 
cylinder 3. 

[001 3] The four wheels, 4^, A^, 4^, Ayr ^lave a left front 
wheel speed sensor 8f|, a right front wheel speed sensor 
8fp a left rear wheel speed sensor S^j and a right rear 
wheel speed sensor 8rr, respectively. Further, a steering 
wheel rotation angle sensor 9 is disposed at a steering 
column to detect a steering wheel rotation angle and a 
throttle body of an engine has a throttle opening angle 
sensor 10 for detecting an opening angle of a throttle 
valve. 

[001 4] Further, the vehicle has a longitudinal acceler- 
ation sensor 1 1 for detecting a longitudinal acceleration 
Gj( of the own vehicle. Further, the brake switch 6, the 
pressure sensor 7, the wheel speed sensors 8 (8^ 
through 8^^), the steering wheel rotation angle sensor 9, 
the throttle opening angle sensor 1 0 and the longitudinal 
acceleration sensor 1 1 , are connected with a control ap- 
paratus 1 2 respectively, 

[0015] Further, a pair of CCD (Charge Coupled De- 
vice) cameras is disposed at a frontal ceiling of the pas- 
senger compartment of the vehicle in a horizontally 
aligned relation at a prescribed distance away from each 
other. Also, the CCD cameras are connected with the 
control apparatus 12. 

[0016] The control apparatus 12, when the brake con- 
trol condition is satisfied by the miscellaneous signals 
inputted thereto, establishes a first deceleration as a tar- 
get deceleration in case where the distance between the 
vehicle and an obstacle ahead is smaller than a thresh- 
old distance and a second deceleration is established 
as the target deceleration in case where the distance 
between the vehicle and the obstacle is larger than the 
threshold distance. Thus established target decelera- 
tion is inputted to the brake drive section 1 . 
[0017] The control apparatus 12, as shown in Fig. 1 , 



comprises a distance image generating section 15, an 
obstacle extracting section 16, an own vehicle speed 
cateulating section 17, an obstacle speed calculating 
section 18, a road gradient calculating section 19, adis- 

5 tance judging section 20, a threshold distance establish- 
ing section 21 , a target deceleration establishing section 
22. a first deceleration establishing section 23, a safe 
distance calculating section 24, a second deceleration 
establishing section 25, a target brake fluid pressure cal- 

10 culating section 26, a brake fluid pressure outputting 
section 27 and a deceleration control judging section 28. 
[0018] The distance image generating section 15 
processes a pair of images taken by the CCD cameras 
to obtain a distance infonnation overall an image using 

IS the principle of triangulation and based on the distance 
information generates a distance image showing a 
three-dimensional distance distribution. Thus generat- 
ed distance image is outputted to the obstacle extracting 
section 16. 

20 [0019] The obstacle extracting section 16 extracts a 
box-like configuration from the distance image to recog- 
nize it as an obstacle presenting ahead of the own ve- 
hicle, outputting the distance to the object to the ob- 
stacle speed calculating section 1 8. the distance judging 

25 section 20, the target deceleration establishing section 
22 and the second deceleration establishing section 25, 
respectively. 

[0020] Thus, the CCD cameras 13, the distance im- 
age generating section 1 5 and the obstacle extracting 
30 section 1 6 constitute a distance detecting means for de- 
tecting the distance between the own vehicle and the 

obstacle ahead. 

[0021] The own vehicle speed calculating section 17 
calculates wheel speeds of the respective wheels based 

35 on signals from the wheel speed sensors 8 and obtains 
a vehicle speed V^^^ of the own vehrcle based on the 
wheel speeds (for example, based on a mean value of 
the respective wheel speeds) . The vehicle speed ob- 
tained is outputted to the obstacle speed calculating 

40 section 1 8, the road gradient calculating section 1 9, the 
first deceleration establishing section 23, the safe dis- 
tance calculating section 24 and the second decelera- 
tion establishing section 25. 

[0022] Thus, the wheel speed sensors 8 and the ve- 
45 hide speed calculating section 17 forni an own vehicle 
speed detecting means. 

[0023] When the distance to the obstacle ahead 
and the vehicle speed V^^^ are inputted from the obsta- 
cle extracting section 1 6 and the own vehicle speed cal- 
50 culating section 1 7, respectively, the obstacle speed cal- 
culating section 1 8 calculates an obstacle speed \/fy^ 
from the summation of the time-versus differential of the 
distance and the own vehicle speed V^^. Thus ob- 
tained obstacle speed Vj^^, is outputted to the safe dis- 
ss tance calculating section 24 and the second decelera- 
tion establishing section 25, respectively. 
[0024] The road gradient calculating section 1 9 cal- 
culates a road gradient 631^ based on the longitudinal 
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acceleration and the own vehicle speed Vown input- 
ted from the longitudinal acceleration sensor 1 1 and the 
own vehicle speed calculating section 1 7, respectively 
and outputs the road gradient Gql to the first decelera- 
tion establishing section 23. 

[0025] Specifically, the road gradient is calculated ac- 
cording to the following equation (1): 

0sL = (Gx-5/gV1OO 0) 

where 6sl <s a road gradient in %, is a longitudinal 
acceleration in meter/second2(m/s2), 5 Is a rate of 
change of vehicle speed of the own vehicle in m/s^, and 
g is gravitational acceleration in m/s^. 
[0026] Further, the road gradient Osl nnay be calculat- 
ed using the following equation (1)': 

est = tanCsin"*" ((((T^. r^i-r^/Rt) - F) /m - 5) /g)).100 

= ({(TeTfiVRt)- n ' S) /g).100 (1)' 

where is an engine torque in Newton-meter, r^ is a 
torque ratio of torque converter In case of a vehicle 
equipped with an automatic transmission, i is a trans- 
mission gear ratio, rf is a final reduction gear ratio, is 
a tire radius in meter, F is running resistance in Newton, 
m is a vehicle mass in kg, 5 is a rate of change of vehicle 
speed of the self vehicle in m/s^ and g is gravitational 
acceleration in m/s^, 

[0027] Further, the road gradient 63^ may be obtained 
in other ways like using altitude data from a navigation 
system mounted on the vehicle or using data of the road 
configuration In picture image taken by CCD cameras. 
[0028] The distance judging section 20 fomns a stop 
control judging means forjudging whether or not the ve- 
hicle should stop by comparing a threshold distance L|„t 
inputted from the threshold distance establishing sec- 
tion 21 with the distance inputted from the obstacle 
extracting section 16. The result of the judgment in the 
distance judging section 20, that is, the result of the com- 
parison is outputted to the target deceleration establish- 
ing section 22. 

[0029] The threshold distance Li^^t ^ value which 
has been obtained by experiments, calculations and the 
like and is memorized beforehand in the threshold dis- 
tance establishing section 21 so as to be read out when- 
ever it is necessary. 

[0030] When the distance Judging section 20 judges 
that the distance to the obstacle ahead is smaller than 
the threshold distance L^^t (when the own vehicle 
comes close to the obstacle ahead) , the first decelera- 
tion establishing section 23 calculates a first decelera- 
tion and the target deceleration establishing section 
22 establishes the target deceleration a at the first de- 
celeration a^. On the other hand, when the distance 



judging section 20 judges that the distance is larger 
than the threshold distance L|„t (when the own vehicle 
is apart from the obstacle ahead), the safe distance cal- 
culating section 24 calculates a safe distance Lp based 

5 on the distance to the obstacle. Then, if the distance 
is smaller than the safe distance Lp (the own vehicle 
comes close to the obstacle ahead), the second decel- 
eration establishing section 25 calculates a second de- 
celeration 0L2 and the target deceleration establishing 

10 section 22 establishes the target deceleration a at the 
second deceleration 02- Further, if the distance Lp is 
larger than the safe distance Lp, the target deceleration 
a Is established to be zero (a = 0). 
[0031] Thus established target deceleration a is out- 

15 putted to the target brake fluid pressure calculating sec- 
tion 26. 

[0032] The first deceleration establishing section 23 
receives the own vehicle speed and the road gra- 
dient OsL^rom the own vehicle speed calculating section 

20 17 and the road gradient calculating section 1 9, respec- 
tively and establishes the first deceleration based on 
these vehicle speed Vq^^ gradient 8sl- This 

first deceleration a.| is read out by the target decelera- 
tion establishing section 22 when it is needed. 

25 [0033] Specifically, the first deceleration is estab- 
lished at a larger value as the own vehicle speed Vq^p, 
is high. This can be understood from the fact that in order 
to stop the vehicle with the same stopping distance a 
larger deceleration is needed as the vehicle speed of 

30 the own vehicle becomes high. Further, the first decel- 
eration ai is established at a relatively large value in 
case of an up-grade and it is established at a relatively 
small value in case of a down-grade. Thus, in this em- 
bodiment, the first deceleration is established ac- 

35 cording to the own vehicle speed and the road gra- 
dient 6sL- In an alternative way, the first deceleration 
may be established depending only upon either of the 
own vehicle speed and the road gradient Gsl- 
[0034] The safe distance calculating section 24 re- 

40 ceives the own vehtele speed Vg^^ and the obstacle 
speed Vf^ from the own vehicle speed calculating sec- 
tion 17 and the obstacle speed calculating section 18, 
respectively and calculates the safe distance Lp for ex- 
ample according to the following equation (2) : 

45 

Lp = 0.5.(V^2/12.96y(g^,d.g) 
-0.5.(V^„2,^2.96)/(g,^.g) 

so 

+ (Vown^3.6).tj, + dL (2) 

where Lp is a safe distance in meter, namely a distance 
within which a possibility of collision rapidly increases; 
55 Vj^d ^ traveling speed of an obstacle in km/h; V^,^ is 
a traveling speed of the own vehicle in km/h; g^wn *^ ^ 
maximum deceleration of the own vehicle in gravitation- 
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al acceleration; is an estimated deceleration of the 
obstacle in gravitational acceleration; t^ is a dead time 
in second and d^ is a leeway before the obstacle in me- 
ter. 

[0035] The safe distance Lp is read out by the target 5 
deceleration establishing section 22 when needed. 
[0036] The second deceleration establishing section 
25 receives the distance Lr to the obstacle ahead from 
the obstacle extracting section 16, the own vehicle 
speed V^^„ from the own vehicle speed calculating sec- 
tion 17 and the obstacle speed V^^^ from the obstacle 
speed calculating section 1 8 and calculates the second 
deceleration 02 for example according to the following 
equation (3). 

a2 = (-0.5.((V^/3.6)2 . (Vown^-6)2) 

/{dL-L, + (V^„/3.6).tt,))/g (3) 

[0037] The calculated second deceleration 02 is read 
out by the target deceleration establishing section 22 
when needed. 

[0038] Thus, a target deceleration establishing 
means is fonmed by the target deceleration establishing 
section 22, the first deceleration establishing section 23, 
the safe distance calculating section 24 and the second 
deceleration establishing section 25. 
[0039] The prior art in which a target deceleration is 
established at least in accordance with the own vehicle 
speed when it is j udged that the own veh icie comes clos- 
er to an obstacle ahead than a threshold value, has a 
defect that the control is affected by an error in detecting 
the own vehicle speed and an error in measuring the 
distance between the own vehicle and the obstacle. Ac- 
cording to the automatic brake control system of the first 
embodiment, this defect of the prior art is eliminated by 
establishing the target deceleration over two stages, the 
first deceleration and the second deceleration 02- 
The first deceleration is established when the own 
vehicle comes closer to the obstacle than the threshold 
distance Lj^^. The second deceleration 02 is established 
when the own vehicle is apart from the obstacle by more 
than the threshold distance L|^t and comes within the 
safe distance Lp. Due to the decelerations established 
in two-stages, even when the own vehicle travels at very 
low speeds, the automatic brake control surely operates 
to stop the vehicle. 

[0040] The target brake fluid pressure calculating sec- 
tion 26 calculates a target brake fluid pressure BP (bar) 
for realizing the target deceleration a inputted from the 
target deceleration establishing section 22 and outputs 
it to the brake fluid pressure outputting section 27. 
[0041] A braking force B is expressed in the following 
equation (4) : 



B = m-a (4) 

where B is a braking force to be applied to four wheels 
in N (Newton); m is a vehicle mass in kg and a is a de- 
celeration in m/s2. 

[0042] Further, braking torques are: 

T, = K,.BP (5) 



T, = K,.BP (6) 

[0043] A total braking torque is: 

T = 2.T^ + 2.T, (7) 

[0044] A total braking force is: 

B = T/RT (8) 

where T| is a braking torque for a front wheel; T^ is a 
braking torque for a rear wheel in N-m; Kj is a brake char- 
acteristic coefficient for front wheels in N-m/bar; K,. is a 
brake characteristic coefficient for rear wheels in N nV 
bar; BP is a brake fluid pressure in bar; T is a total brak- 
ing torque in N-m; B is a total braking force in N (New- 
ton); and RT is a tire radius in m (meter). 
[0045] Then, using the equations (4), (5), (6), (7) and 
(8), a brake pressure BP for attaining the total braking 
force B is calculated according to the following equation. 

BP = 0.5.(B.RT)/(Kj + Kr) 

= 0.5.(m.a.RT)/(Kf + Kr) (9) 

[0046] The brake fluid pressure outputting section 27 
receives a signal to release the automatic brake control 
from the deceleration control judging section 28 and the 
target brake fluid pressure BP from the target brake fluid 
pressure calculating section 26. When the signal for re- 
leasing the automatic brake control is inputted from the 
deceleration control judging section 28, no automatic 
brake control is executed to the brake drive section 1 . 
On the other hand, when the target brake fluid pressure 
BP is inputted from the target brake fluid pressure cal- 
culating section 26, the brake fluid pressure outputting 
section 27 controls the brake drive section 1 so as to 
agree with the target brake fluid pressure BR 
[0047] The deceleration control judging section 28 re- 
ceives ON/OFF signals of the braking operation of the 
brake pedal 2 from the brake switch 6, a signal indicative 
of the master cylinder pressure from the master cylinder 
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pressure sensor 7, a signal indicative of the steering 
wheel rotation angle from the steering wheel rotation an- 
gle sensor 9 and a signal indicative of the throttle open- 
ing angle from the throttle opening angle sensor 1 0, re- 
spectively and based on these signals it outputs a signal 5 
to execute or release the automatic brake control to the 
bake fluid pressure outputting section 27. 
[0048] That is, when the brake switch 6 Is turned ON, 
since this is a case where the vehicle driver has an ob- 
vious intention to decrease the vehicle speed or to stop 
the vehicle, the deceleration control Judging section 28 
makes such a judgment as releasing the automatic 
brake control so as to avoid interference thereof. 
[0049] Further, when the master cylinder pressure 
outputted from the master cylinder pressure sensor 7 
exceeds a specified value, since vehicle driver has an 
intention to decrease the vehicle speed or to stop the 
vehicle in the same manner as In the case of the brake 
switch 6 turned on, the automatic brake control is re- 
quired to be released to avoid interference thereof. The 
automatic brake control may be released only when the 
depression of the brake pedal 2 produces a deceleration 
larger than a specified value, the target deceleration a 
for example, thereby a sudden drop of the braking force 
when the automatic brake control Is released by the 
brake switch 6, can be prevented. 
[0050] Further, when the steering wheel rotation an- 
gle sensed by the steering wheel rotation angle sensor 
9 exceeds a prescribed value, sometimes an object lo- 
cated along a curve Is detected as an obstacle. In this 
case, since it is not desirable to operate the automatic 
brake control, the deceleration control judging section 
28 makes a judgment of releasing the automatk: brake 
control. 

[0051] Further, when the throttle opening angle de- 
tected by the throttle opening angle sensor 1 0 exceeds 
a prescribed value, this indicates that the driver inten- 
tionally accelerates the vehicle towards an obstacle 
ahead, for example, he passes a vehicle traveling ahead 
of the own vehicle. In this case, the deceleration control 
judging section 28 makes a judgment of releasing the 
automatic brake control In order to prevent a braking op- 
eration of the automatic brake control. In other ways of 
judging a driver's intention to accelerate the vehicle, the 
detection of the ON-OFF operation of the accelerator 
pedat or the direct detection of the vehicle acceleration 
may be introduced. 

[0052] Thus, the brake switch 6, the master cylinder 
pressure sensor 7, the steering wheel rotation angle 
sensor 9 and the throttle opening angle sensor 10 con- 
stitute a driving operation detecting means for detecting 
a driving operation changing a relative distance be- 
tween the own vehicle and the obstacle ahead. 
[0053] Further, the target brake fluid pressure calcu- 
lating section 26, the brake fluid pressure outputting 
section 27 and the deceleration control judging section 
28 fomn a brake drive controlling means. 
[0054] Next, an operation of the first embodiment will 
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be described with reference to a flowchart shown In Fig. 
3. 

[0055] When the program of the automata brake con- 
trol starts, first at a step (hereinafter, referred to as S) 
101 , values of miscellaneous sensors (master cylinder 
pressure of the master cylinder pressure sensor 7, re- 
spective wheel speeds of wheel speed sensors 8, steer- 
ing wheel rotation angle of the steering wheel rotation 
angle sensor 9, throttle opening angle of the throttle 
opening angle sensor 10 and longitudinal acceleration 
of the longitudinal acceleration sensor 11), ON-OFF 
signals of the brake switch 6 and data of image signals 
of a pair of CCD cameras, are read. 
[0056] Then, the program goes to S102 where it is 
judged whether or not the steering wheel rotation angle 
is larger than a specified value. If it is larger than the 
specified value, the own vehicle is making a turn and as 
a result an obstacle is detected ahead. At this moment, 
since the automatic brake control is erroneously oper- 
ated, the program leaves the routine to release the au- 
tomatic brake control. 

[0057] On the other hand, if the steering wheel rota- 
tion angle is smaller than the specified value, it is un- 
derstood that the own vehicle is substantially going 
straight. Then, the program goes to S103 where it Is 
judged whetheror not the throttle opening angle is larger 
than a specified value. If it is larger than the specified 
value, the own vehicle is accelerating and therefore it is 
necessary to avoid interference of the automatic brake 
control. Thus, the program leaves the routine to release 
the automatic brake control, 

[0058] At SI 03, if the throttle opening angle is smaller 
than the specified value, that is, if the own vehicle is not 
accelerated, the program goes to SI 04 where it is 
Judged whether or not the brake switch 6 is tumed on, 
namely, brake is applied to the own vehicle. If the brake 
switch 6 is turned ON, since the brake operation has 
been perfonned on the own vehicle, it is necessary to 
avoid interference of the automatic brake control, the 
program leaving the routine to release the automatic 
brake control. 

[0059] When it is judged at S 1 04 that the brake switch 
6 is tumed OFF and therefore no brake is applied to the 
own vehicle, the program goes to SI 05 where it is 
judged whether or not the master cylinder pressure is 
larger than a specified value. If the master cylinder pres- 
sure is larger than the specified value, even if the brake 
switch is turned OFF, it is judged that the automatic 
brake is operated and the program leaves the routine to 
release the automatic brake control. 
[0060] That is, the steps SI 02 through SI 05 are proc- 
esses to be executed In the deceleration control judging 
section 28 of the control apparatus 12. The process at 
SI 05 is for backing-up the process at SI 04 and there- 
fore, if SI 05 comes after SI 04, the order of other proc- 
esses may be changed. 

[0061 ] I n case where it is judged at SI 05 that the mas- 
ter cylinder pressure is smaller than the specified value, 
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namely, in case where it is judged that no brake Is ap- 
plied to the own vehicle, the program goes to SI 06 
where the own vehicle speed V^^, the obstacle speed 
Vfwd' distance to the obstacle and the road gradi- 
ent are calculated in the own vehicle speed calcu- 
lating section 1 7, the obstacle speed calculating section 
18, the obstacle extracting section 16 and the road gra- 
dient calculating section 19, respectively. 
[0062] Next, the program goes to Si 07, in which the 
threshold distance L^j^^ stored in the threshold distance 
establishing section 21 is read out and then at SI 08 the 
distance to the obstacle is compared with the thresh- 
old distance In the distance judging section 20. 
[0063] As a result of the comparison at S108, when 
the distance to the obstacle is smaller than the thresh- 
old distance L|^t, that is, when the own vehicle comes 
closer to the obstacle than the threshold distance L^f, 
the program goes to SI 09 where the first deceleration 
a-i is calculated according to the own vehicle speed \/own 
and the road gradient 631^ and after the first deceleration 
is set to the target deceleration a, the program goes 
to S113. 

[0064] On the other hand, as a result of the compari- 
son at SI 08, when the distance to the obstacle is larg- 
er than the threshold distance Ljrnt> ^^^^ '^^ when the own 
vehicle is apart from the obstacle by more than the 
threshold distance L|j„t, the program goes to S1 1 0 where 
the safe distance Lp is calculated according to the equa- 
tion (2) and then goes to S1 1 1 . 
[0065] At S1 1 1 , the distance L,. to the obstacle is com- 
pared with the safe distance Lp. If the distance is 
smaller than the safe distance Lp, namely, if the own ve- 
hicle comes closer to the obstacle ahead than the safe 
distance Lp, the program goes to S1 1 2 
where the second deceleration a2 is calculated accord- 
ing to the equation (3) and after the second deceleration 
0L2 is set to the target deceleration a, the program goes 
to 8113. 

[0066] At S1 1 1 , if the distance L^ is larger than the safe 
distance Lp, namely, if the own vehicle is apart from the 
obstacle ahead by more than the safe distance Lp, since 
there is no such obstacle ahead as needing brake, the 
program goes to S115 where the target deceleration a 
is established to be zero and then goes to S1 1 3. 
[0067] After the target deceleration a is established 
at SI 09, S1 1 2 or S1 1 5, the program goes to S1 1 3 where 
the target brake fluid pressure BP Is calculated accord- 
ing to the equation (9) and then goes to S1 1 4. At S1 1 4, 
the brake drive section 1 is controlled so as to produce 
a hydraulic pressure which agrees with the target brake 
fluid pressure BP and then the program leaves the rou- 
tine. 

[0068] Since the first deceleration is established in 
consideration of the effect of the own vehicle speed ^^wn 
and the road gradient Bsl. the automatic brake control 
system enables to make an accurate automatic brake 
control according to vehicle running conditions and road 
situations. 



[0069] Further, since the execution or non-execution 
of the automatic brake control is judged based on the 
operation of the brake pedal, the steering wheel and the 
accelerator pedal, the vehicle can be prevented from 

5 coming Into an awkward condition. 

[0070] Next, the automatic brake control system ac- 
cording to the second embodiment will be described 
with reference to Figs. 4 to 6. In the first embodiment, 
the threshold distance L|^t is a memorized predeter- 

10 mined value, but in the second embodiment, the thresh- 
old distance L,n,t Is established according to the own ve- 
hicle speed y^rMw 1^0^^ gradient 63|_ and the road 
friction coefficient \l. Further, in thefirst embodiment, the 
first target deceleration is established according to 

IS the own vehicle speed Vown ^^^^ gradient Ssl, 

but in the second embodiment, the first target deceler- 
ation a<| is a memorized predetermined value. Other 
constitutions and functions are similar to those in the 
first embodiment. Therefore, the same reference nu- 

20 morals have been attached to the sections having the 
same function. 

[0071] Fig. 5 is a skeleton view of an automatic brake 
control system mounted on a vehicle, in which a yaw 
rate sensor 30 is additionally equipped with the system 

25 according to the first embodiment. The yaw rate sensor 
30 is connected with a control apparatus 31 . 
[0072] The control apparatus 31 equivalent to the 
control apparatus 1 2 of the first embodiment is connect- 
ed with a brake switch 6, a master cylinder pressure sen- 

30 sor 7, wheel speed sensors 8, a steering wheel rotation 
angle sensor 9, a throttle opening angle sensor 10, a 
longitudinal acceleration sensor 1 1 , a pair of CCD cam- 
eras 13 and a yaw rate sensor 30. 
[0073] When an operating condition of the automatic 

35 brake control Is satisfied based on respective input sig- 
nals sent from these sensors, the brake drive section 1 
is controlled so as to produce a brake fluid pressure 
equivalent to the target deceleration a. The target de- 
celeration a is established over two stages, a first de- 

40 celeration and a second deceleration 02, In the same 
manner as the first embodiment. The first deceleration 
a<| is established when the own vehicle comes closer to 
the obstacle than the threshold distance L^^x- The sec- 
ond deceleration 02 is established when the own vehicle 

45 is apart from the obstacle by more than the threshold 
distance L^^, and comes within the safe distance Lp. 
[0074] The control apparatus 31 , as shown in Fig. 4, 
comprises a distance image generating section 1 5, an 
obstacle extracting section 16, an own vehicle speed 

so cateulating section 17, an obstacle speed calculating 
section 18, a road gradient calculating section 19, a dis- 
tance judging section 20, a target deceleration estab- 
lishing section 22, a safe distance calculating section 
24, a second deceleration establishing section 25, a tar- 

55 get brake fluid pressure calculating section 26, a brake 
fluid pressure outputting section 27, a deceleration con- 
trol judging section 28, a road friction coefficient estimat- 
ing section 32, a threshold distance establishing section 
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33 and a first deceleration establishing section 34. 
[00751 ^6 ■'oad friction coefficient establishing sec- 
tion 32 calculates a road friction coefficient \l according 
to an estimation method, for example, proposed by the 
applicant of the present invention in Japanese Patent 
Application Laid-open No. Toku-Kai-Hei 8-2274. Ac- 
cording to the proposed method, the road friction coef- 
ficient ^ is calculated based on a steering wheel rotation 
angle detected by the steering wheel rotation angle sen- 
sor 9, a yaw rate detected by the yaw rate sensor 30 
and an own vehicle speed V^wn calculated by the own 
vehicle speed calculating section 17. 
[0076] More specifically, describing the calculation of 
a road friction coefficient, respective comering powers 
of the front and rear wheels are estimated being extend- 
ed to the non-linear region based on the equation of mo- 
tion using a steering wheel rotation angle, a yaw rate 
and an own vehicle speed V^^^. The road friction coef- 
ficient \L is estimated by taking the ratio of the estimated 
cornering power of the front and rear wheels to the 
equivalent cornering powers of the front and rear wheels 
on a road surface having a high friction coeffbient (for 
example p. = 1 ) and is outputted to the threshold distance 
establishing section 33. 

[0077] The threshold distance establishing section 33 
which is equivalent to the threshold distance establish- 
ing section 21 in the first embodiment receives the own 
vehicle speed V^,^ from the own vehicle speed calcu- 
lating section 1 7, the road gradient 63|_ from the road 
gradient calculating section 1 9 and the road friction co- 
efficient ^ from the road friction coefficient estimating 
section 32, respectively and establishes the threshold 
distance L|^t based on these inputted data. This thresh- 
old distance is read out by the distance judging sec- 
tion 20 when it is needed. 

[0078] The threshold distance L|^t is established to be 
relatively long as the own vehicle speed is higher. This 
is because when the vehicle speed is high, the target 
deceleration a must be large In order to obtain the same 
stopping distance and as the target deceleration a is 
larger, the rise of brake fluid pressure tends to retard. 
Further, in case of a down-grade, the threshold distance 
L|^ is established to be relatively long and in case of an 
up-grade, the threshold distance L^J^ is established to 
be relatively short. Further, as the road friction coeffi- 
cient \i is lower, the threshold distance Lf^^ is established 
to be relatively long and in case where the road friction 
coefficient is high, the threshold distance L^^^^^ is estab- 
lished to be shorter than a reference distance obtained 
from calculation. Further, the establishment of the 
threshold distance L|„,| may be obtained by multiplying 
a prescribed constant by a variable established accord- 
ing to the own vehicle speed V^^^p, the road gradient Gsl 
and the road friction coefficient ^ or may be obtained by 
refemngto a map parameterizing the own vehicle speed 
Vown> i^o^^ gradient 6$^ and the road friction coeffi- 
cient \i. Further, in this embodiment, the threshold dis- 
tance L|„( is established according to the own vehicle 



speed ^oww ^^^^ gradient Gsl and the road friction 
coefficient \l but it may be established, depending upon 
vehtele grades, vehicle specifications or other condi- 
tions, according to at least either of these values, the 
5 own vehicle speed V^^n, the road gradient and the 
road friction coefficient 

[0079] The first deceleration establishing section 34 
which is equivalent to the first deceleration establishing 
section 23 in the first embodiment, stores a first decel- 
10 oration beforehand. The first deceleration is a val- 
ue that has been predetemriined by experiments and the 
like and is read out by the target deceleration establish- 
ing section 22 when it Is needed. 
[0080] The prior art in whk:h a target deceleration is 
15 established at least in accordance with the own vehicle 
speed when it is judged that the own vehicle comes clos- 
er to an obstacle ahead than a threshold value, has a 
defect that the control is affected by an en^or in detecting 
the own vehicle speed and an error in measuring the 
20 distance between the own vehicle and the obstacle. Ac- 
cording to the automatic brake control system of the sec- 
ond embodiment, this defect of the prior art is deleted 
by establishing the target deceleration over two stages, 
the first deceleration and the second deceleration a^. 
25 The first deceleration is established when the own 
vehicle comes closer to the obstacle than the threshold 
distance L|,^t which is established according to the own 
vehicle speed V^^n, the road gradient and the road 
friction coefficient \l. The second deceleration 02 is es- 
30 tablished when the own vehicle Is apart from the obsta- 
cle by more than the threshold distance L|n,t and comes 
within the safe distance Lp. Due to the decelerations es- 
tablished in two-stages, even when the own vehicle trav- 
els at very low speeds, the automatic brake control su re- 
ds ty operates to stop the vehicle. 

[0081] Next, an operation of the second embodiment 
will be described with reference to a flowchart shown in 
Fig. 6. 

[0082] When the automatic brake control program 

40 starts, first at S201 values of miscellaneous sensors 
(master cylinder pressure of the master cylinder pres- 
sure sensor 7, respective wheel speeds of wheel speed 
sensors 8, steering wheel rotation angle of the steering 
wheel rotation angle sensor 9, throttle opening angle of 

45 the throttle opening angle sensor 1 0 and longitudinal ac- 
celeration Gx of the longitudinal acceleration sensor 11), 
a yaw rate of the yaw rate sensor 30, ON-OFF signals 
of the brake switch 6 and data of image signals of a pair 
of CCD cameras, are read. 

50 [0083] The processes at S202, S203, S204 and S205 
are the same as those at SI 02, SI 03, SI 04 and SI 05 
in the first embodiment and are perfomried in the decel- 
eration control judging section 28. 
[0084] That is, at S202 it Is judged whether or not the 

55 steering wheel rotation angle is larger than a prescribed 
value. If It Is larger than the prescribed value, the own 
vehicle is making a turn . In order to prevent an errone- 
ous operation of the automatic brake control, the pro- 
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gram leaves the routine to release the automatic brake 
control. 

[0085] At S202, if the steering wheel rotation angle is 
smaller than the prescribed value, the program goes to 
S203 where it is judged whether or not the throttle open- s 
ing angle is larger than a prescribed value. If it is larger 
than the prescribed value, the accelerating operation is 
being applied and therefore in order to avoid interfer- 
ence of the automatic brake control, the program leaves 
the routine to release the automatic brake control. 
[0086] At S203, if the throttle opening angle is smaller 
than the prescribed value, the program goes to S204 
where the brake switch 6 is turned ON or OFF. If the 
brake switch is turned ON, the decelerating operation is 
being applied and therefore in order to avoid interfer- 
ence of the automatic brake control, the program leaves 
the routine to release the automatic brake control. 
[0087] At S204, when the brake switch 6 Is tumed 
OFF, the program goes to S205 where It Is Judged 
whether or not the master cylinder pressure is larger 
than a specified value, if the master cylinder pressure 
is larger than a prescribed value, the decelerating oper- 
ation is being applied and therefore in order to prevent 
interference of the automatic brake control, the program 
leaves the routine to release the automatic brake con- 
trol. 

[0088] With respect to the processes S202 through 
S205, similariy to the first embodiment, the process at 
S205 is for backing-up the process at S204 and there- 
fore, if S205 comes after S204, the order of other proc- 
esses may be changed. 

[0089] At S205, If the master cylinder pressure is 
smaller than the prescribed value, namely, the program 
goes to S206 where the own vehicle speed V^^, the 
obstacle speed Vf^, the distance to the obstacle, the 
road gradient 631^ and the road friction coefficient \l are 
calculated in the own vehicle speed calculating section 
17, the obstacle speed calculating section 18, the ob- 
stacle extracting section 1 6, the road gradient calculat- 
ing section 1 9 and the road friction coefficient estimating 
section 32, respectively. 

[0090] Next, the program goes to S207, in which the 
threshold distance Li^^t calculated based on the own 
vehicle speed V^^p, the road gradient ©sl ''oad 
friction coefficient \i in the threshold distance establish- 
ing section 33 and then at S208 the distance to the 
obstacle is compared with the threshold distance L|^f in 
the distance judging section 20. 
[0091] As a result of the comparison at S208, when 
the distance to the obstacle is smaller than th e thresh- 
old distance L^jj^, that is, when the own vehicle comes 
closer to the obstacle than the threshold distance L^^, 
the program goes to S209 where the target deceleration 
establishing section 22 reads out the first deceleration 
from the first deceleration establishing section 34 and 
sets this first deceleration to the target deceleration 
a and goes to S213. 

[0092] On the other hand, as a result of the compari- 



son at S208, when the distance to the obstacle is larg- 
er than the threshold distance L^i, that is, when the own 
vehicle is apart from the obstacle by more than the 
threshold distance Lj^t, the program goes to S210 
where the safe distance calculating section 24 calcu- 
lates the safe distance Lp according to the equation (2) 
and the target deceleration establishing section 22 sets 
this safe distance Lp then goes to S211 . 
[0093] At S21 1 . the distance to the obstacle is com- 
pared with the safe distance Lp. If the distance L^ is 
smaller than the safe distance Lp, namely, if the own ve- 
hicle comes closer to the obstacle ahead than the safe 
distance Lp, the program goes to S212 where the sec- 
ond deceleration establishing section 25 calculates the 
second deceleration oe2 according to the equation (3) 
and the target deceleration establishing section 22 sets 
the second deceleration a2 to the target deceleration a 
and goes to S213. 

[0094] At S21 1 , if the distance 1^ Is larger than the safe 
distance Lp, namely, if the own vehtele Is apart from the 
obstacle ahead by more than the safe distance Lp, since 
there is no such obstacle ahead as needing brake, the 
program goes to S21 5 where the target deceleration es- 
tablishing section 22 sets the target deceleration a to be 
zero and then goes to S213. 

[0095] After the target deceleration a is established 
at S209, S21 2 or S21 5, the program goes to S21 3 where 
the target brake fluid pressure calculating section 26 cal- 
culates the target brake fluid pressure BP according to 
the equation (9) and then goes to S214. At S214, the 
brake fluid pressure outputting section 27 controls the 
brake drive section 1 so as to produce a hydraulic pres- 
sure which agrees with the target brake fluid pressure 
BP and then the program leaves the routine. 
[0096] Since the threshold distance L|„t Is established 
In consideration of the own vehicle speed ^aww ^^^^ 
gradient 65^^ and the road friction coefficient ^, the au- 
tomatic brake control can be performed more properly 
according to the running condition and the road condi- 
tion. 

[0097] In case of the first embodiment, as described 
before, a value memorized beforehand In the threshold 
distance establishing section 21 is employed as the 
threshold distance L|^ and the first deceleration Is a 
value established according to the own vehicle speed 
V^wn ^^^^ gradient 631^ in the first deceleration 

establishing section 23. Further, in case of the second 
embodiment, it is different from ones of the first embod- 
iment that a value established according to the own ve- 
hicle speed ^cww ^^^^ gradient 6sl ^nd the road 
friction coefficient \l in the threshold distance establish- 
ing section 33 is employed as the threshold distance Lj^^ 
and that the first deceleration is a value memorized 
beforehand in the first deceleration establishing section 
34. However, alternatively, both of the threshold dis- 
tance L^ff^^ and the first deceleration may be memo- 
rized values. Further, altematlvely, the threshold dis- 
tance L|„{ may be established according to at least el- 
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ther one of the own vehicle speed V^^, the road gradi- 
ent 631^ and the road friction coefficient p.. Further, the 
first deceleration may be established according to ei- 
ther one of the own vehicle speed V^,^ and the road 
gradient 85^. Further, the threshold distance L|^t and/or 
the first deceleration may be a specified value which 
is independent of the own vehicle speed V^^, the road 
gradient B^o ^^^^ friction coefficient \l and the like. 
[0098] Further, in the respective embodiments of the 
present invention, the distance to an obstacle ahead 
is obtained from the stereoscopic image taken by a pair 
of CCD cameras, however, in place of the CCD camer- 
as, other apparatuses, for example, laser radar, may be 
employed. 

[0099] While the presently pretended embodiments of 
the present invention have been shown and described, 
it is to be understood that these disclosures are for the 
purpose of Illustration and that various changes and 
modifications may be made without departing from the 
scope of the invention as set forth in the appended 
claims. 



Claims 

1 . An automatic brake control system (31 ) of a vehicle 
for automatically applying a brake when a vehicle 
comes near to an obstacle ahead, comprising: 

own vehble speed detecting means (8, 1 7) for 
detecting a speed of said vehicle; 

distance detecting means (13, 15, 16) for de- 
tecting a distance between said vehicle and 
said obstacle; 

obstacle speed calculating means (16) for cal- 
culating a speed of said obstacle based on said 
vehicle speed and said distance; 

deceleration establishing means (25) for estab- 
lishing a deceleration (a2) based on said vehi- 
cle speed, said obstacle speed, and said dis- 
tance; 

target deceleration establishing means (22) for 
establishing a target deceleration (a) at a pre- 
determined deceleration (a1) when said dis- 
tance is smaller than a threshold distance and 
for establishing said target deceleration (a) at 
said deceleration (a2) established by said de- 
celeration establishing means (25) when said 
distance is larger than said threshold distance; 
and 

brake drive controlling means (26, 27, 28) for 
performing a deceleration control so as to gen- 
erate a braking torque corresponding to said 



target deceleration in a brake apparatus. 

2. The automatic brake control system (31 ) according 
to claim 1 , further comprising: 

5 

safe distance calculating means (24) for calcu- 
lating a safe distance based on at least one of 
said vehtele speed and said obstacle speed; 

10 wherein said target deceleration establishing 
means (22) establishes said target deceleration (a) 
at said deceleration (a2) established by said decel- 
eration establishing means (25) when said distance 
is larger than said threshold distance and smaller 

15 than said safe distance. 

3. The automatic brake control system (31 ) according 
to claim 1 , wherein said threshold distance Is calcu- 
lated based on at least one of said vehicle speed, 

20 a road gradient, and a road friction coeffteient by 
threshold distance calculating means (33). 

4. The automatic brake control system (31 ) according 
to claim 1 , wherein said system further has a driving 

25 operation detecting means (6, 7, 9,1 0) for detecting 
a brake switch (6), a master cylinder pressure (7), 
a throttle opening angle (10), and a steering wheel 
rotation angle (9); 

said brake drive controlling means (26, 27, 28) can- 
30 eels said deceleration control when at least one of 
said steering wheel, said brake pedal (2) and said 
accelerator pedal is judged to be operated by more 
than a specified value according to said driving op- 
eration detecting means. 

35 

5. A method for automatically applying a brake when 
a vehicle comes near to an obstacle ahead, com- 
prising the steps of: 

40 detecting a speed of said vehicle; 

detecting a distance between said vehicle and 
said obstacle; 

45 calculating a speed of said obstacle based on 

said vehicle speed and said distance; 

establishing a deceleration ((x2) based on said 
vehicle speed, said obstacle speed, and said 
50 distance; 

establishing a target deceleration (a) at a pre- 
determined deceleration (a1) when said dis- 
tance is smaller than a threshold distance, and 
55 establishing said target deceleration at said de- 

celeration (a2) established by the step of es- 
tablishing said deceleration when said distance 
is larger than said threshold distance; and 
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performing a deceleration control so as to gen- 
erate a braking torque corresponding to said 
target deceleration in a brake drive apparatus. 

6. The method of claim 5, further comprising a step of: s 

calculating a safe distance based on at least 
one of said vehicle speed and said obstacle 



10 

wherein the step of establishing said target decel- 
eration establishes said target deceleration (a) at 
said established deceleration (a2) when said dis- 
tance Is larger than said threshold distance and 
smaller than said safe distance. is 

The method of claim 5, wherein said threshold dis- 
tance is calculated based on at least one of said 
vehicle speed, a road gradient, and a road friction 
coefficient. 20 

The method of claim 5, wherein said method further 
detects a brake switch (6), a master cylinder pres- 
sure (7), a throttle opening angle (10), and a steer- 
ing wheel rotation angle (9); and 25 
said deceleration control is cancelled when at least 
one of said steering wheel, said brake pedal (2) and 
said accelerator pedal is judged to be operated by 
more than a specified value according to said driv- 
ing operation detecting means. 30 
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FIG. 3 



READ VALUES FROM SENSORS. 
SIGNAL FROM BRAKE S/W. AND 
IMAGE DATA OF CCD CAMERAS 



'S101 



YES. 



YES, 



IS STEERING^ 
WHEEL ANGLE LARGER 
THAN SPECIFIED^ 
^ALUEJ. 

NO 

TS THROTTLE^ 
ANGLE LARGER THAN 
SPECIFIED 
J/ALUE?. 



.S102 



'SI 03 



YES 



NO 

jrake s/w on?: 
"no' 



'S104 



.S105 



YES. 



IS MASTER 
CYLINDER PRESSURE LARGER^ 
THAN SPECIFIED 
J/ALUE? 

^NO 

I CALCULATE Vown. Vfwd. Lr. 6 sg h -St06 



I READ LUmtl — S107 




YES 



CALCULATE Lpl — S1 10 




g=0 I 



CALCULATE az 
AND SET TO a 



.SI 09 



CALCUUTE ai 
AND SET TO a 



CALCULATE BrK -S113 

I . 

CONTROL BRAKE DRIVE SEC. WITH BP | ^S114 



(return) 



14 



EP 1 405 753 A2 



<c — o 



CO ' 



CD 



CO 
LU 

a: 

03 



/ 



I — 

\ 



or or 

UJO 
Q09 
22 
— LU 

-J CO 
>- 

OLU 

or 
o:zD 

LUCO 
I— CO 
COIXI 

<o: 



o o 

— LU 

q:-jcj 

LUOZ 
-JOT — 
LU»— CD 

uJo:~ 



00-3 



CM 



UJ 

q: I 

UJO<0=D 

— O0Q_C3 . 

Or^JOrZD — UJ 
CaU-Q-Oh- CO 



CO 
CM 



CO 



\ 



CO 
CO 



o . 

— CD 
»— UJ 
<CCO 

cm 



LUCO 

o — 
—I 

I— OQ 

co<c 

— 00 
U.UJ 



in 

CM 



LU 

on 

I— ZD \ CD 

LUUJOCOrDZ 

C5>t: — COC3— . 

Qr^=DLU_lh-0 

<cci:_iQ:<:<:uj 

H-CQU.O.O— ICO 



CM 
CO 



\ 



o 

Lu 

u. 

UJ 

o 

o . 

2UJ 

oco 

I— C3 
02 

U-< 



oco 
oruj 



C5 
UJ 
»— CO 

LUC7 
— 2 

o — 
or-4: 

CD —I 
QO 

o<: 
ceo 



LU 

o . 

20 
•<LU 
I— CO 
CO 

— o 

02 
_J00 

o — 
3: -J 

COCO 

LU<: 
on— 
3: CO 



I 

<: 

I— tU I 2 

uj-j cn — 

CDLU 2<C3: . 

orool— coo 

<LU — CO — LU 
t— Ql— LU — ICO 

1 



I— o 
-<LU 
or CO 
LU 

^CD 
LU2 



o — 

uJ3c: 
oco 

o_j 

203 

o<: 

Ol— 
LUCO 

com 



OC3 
22 \ 

<:— ; 

COQO 
— ZDLU 
0"OCO 



o 

/C\J 



CO. 



CM 



o 

LU 
LUCO 

o 



•<2 

I 

COH- 

— <: 

LUO 
LJ I 

<c<c 
coo 



LU 

—I 

O I 

•<<o 
I— q:2 . 

CO I o 

03X>— LU 
OLU oco 



O I 

<uJor 

I— -OLUCU . 

co«czzo 

— SLU — LU 
Q — CD I— CO 



CD 



0.0 

oco 



JCO 

-LU 
O-J 

q:o 



cn 



-JLU 
LU^ 
LUC9 



C32 
20 

o: 

0£»— O 
LU-<CO 
LUh-2 
I— OLU 

CO or CO 



«<o 



o<: 
r>or 

»— LUOr 
— -JO 
CD LUCO 
202 
OOLU 
_J<CCO 



y— CO 



I 



o 

LUCO 
LU 

0.0 

co: 



Q 




LU 
LU 


ci 


Q. 


LU 


COCO 


LU 


CD 


-J 




o 






H- 


3:<: 


LU— 1 


>=> 




O 


2 


— 1 




oo 







<: 




< 


OC 




OC 
LU 


LU 






1 




1 








o 




Q 


o 




o 


o 




O 



CO 



/ 



-J'< 
—1—1 

<ZD 
CO— I 

m<: 
oo 



Q CCOO 
LUO^ 
LULL.LU 

COCO 

or 

— lO 

lucock: 

LU2=3 
3= LUO 
BEOOLl. 



/ 



15 



EP 1 405 753 A2 




EP 1 405 753 A2 



FIG. 6 



( START ) 



READ VALUES FROM SENSORS. 
SIGNAL FROM BRAKE S/W. AND 
IMAGE DATA OF CCD CAMERAS 



'S201 



YES. 



IS STEERING" 
WHEEL ANGLE LARGER 
THAN SPECIFIED^ 
J/ALUE2- 



'S202 



YES^ 



IS THROTTLE 
ANGLE LARGER THAN 
SPECIFIED 
J/ALUE? 



S203 



YES 



-NO 

:brake S/W OHZ. 
fjo' 



'S204 



.8205 



YES 



^ IS MASTER ^ 

-tYLINDER PRESSURE LARGER 
THAN SPECIFIED 
J/ALUE?, 

. 1T0 

I CALCULATE Vown. Vfwd. Lr. Osl. /i | — S206 

in 



208 



CALCULATE LihirtK 'S207 




YES 



'S215 



CALCULATE [1^1 —5210 
.S211 

S212 




CALCULATE az 
AND SET TO a 



.S209 



READ a, 
AND SET TO a 



CALCULATE BPI — S213 





I CONTROL BRAKE DRIVE SEC. WITH BP K ^S214 



(return) 



17 



This Page is inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

defects in the images include but are not limited to the items checked: 

BLACK BORDERS 
^ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
X FADED TEXT OR DRAWING 

□ BLURED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

^ COLORED OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REPERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: : 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning documents will not correct images 
problems checked, please do not report the 
problems to the IFW Image Problem Mailbox 



